We present a straightforward procedure to evaluate the scientific contribution of territories and institutions that combines the size-dependent geometric mean, Q, of the number of research documents (N) and citations (C), and a scale-free measure of quality, q=C/N. We introduce a Global Research Output (GRO-index) as the geometric mean of Q and q. We show that the GRO-index correlates with the h-index, but appears to be more strongly correlated with other well known, widely used bibliometric indicators. We also compute relative GRO-indexes (GROr) associated with the scientific production within research fields.
Introduction
For several years, many powerful indicators have been suggested to evaluate individual research production (Schreiber et al., 2012) and Wildgaard et al. (2014) reviewed 108 of them. Arguably, the h-index (Hirsh, 2005) and the g-index (Egghe, 2006) are the most widely used today to assess individual scientific productions. Several indicators also exist for journals, such as the well-known Impact factor and Scimago Journal Rank (Leydesdorff, 2009 ). Still, a fair research question of interest for academics, policymakers and the public at large, is how to evaluate the research output of a country or institution. At these macro-levels, the widely used indicators are those found in databases such as Web of Science/Incites: the number of outputs, the number of citations per publication, the number of papers published in the 25% of journals with the highest impact factor for a given research field (Q1), the number of papers in the Top-10% of the most cited papers for a given research field (Top-10), or HCP, the number of highly cited papers (citation thresholds being based on the distribution of citations, picking the specified top fraction of papers for each year and field)… However, a quick look at the list of countries and territories worldwide, along with the data we can gather from the Web of Science shows that evaluating the research output is not such a straightforward task. Take for instance the case of the Belize which, among 189 countries/territories analysed in this paper, would be ranked 144 th if only the number (N) of Web of Science documents were taken into account, but would be ranked 1 st in the ratio citations/paper (C/N). It is widely accepted in the bibliometric community that publication and citation measures refer to quantifiable features of research performance in a statistically reliable manner when sufficiently large and preferably longitudinal data sets are available for analysis (Glanzel et al., 2016) . And it is quite apparent that the special case of Belize is connected with the scarcity of publications that prevents from the smoothing of ratios, thus resulting in statistically unlikely data. Our goal is not to solve the conundrum of the quantity-quality debate, but rather to help in making comparisons and associations when the datasets under analysis are sufficiently large, e.g. comparing the research outputs of France (N = 808198 documents, C/N = 17.75) and Japan (N = 962931, C/N = 13.48), which have a different respective rank if N or C/N is considered. Hence, we aimed to define a bibliometric indicator at macro-levels that combines size-dependent measures, such as the number of documents or citations, with size-independent parameters usually based upon ratios between the number of citations and documents.
In the present paper, we propose an indicator (GRO-index) to evaluate a global research output of countries and institutions that is computed as the geometric mean of a quantitative and a qualitative parameter. Cabrerizo et al., (2010) had also proposed an index based on the geometric average of a quantitative (the h-index) and a qualitative parameter (the m-index) for bibliometric studies at a micro (i.e. individual) level. These authors underlined the fact that the use of geometric averages displays several advantages: "it is easy to compute, it is easily understandable in geometric terms, it is not influenced by extremely higher values, and thus, it obtains a value which fuses the information provided by the aggregated values in a more balanced way than other aggregation operators" (Cabrerizo et al., 2010 ). An indicator based upon the product of a quantitative and a qualitative parameter was also introduced many years ago by Lindsey to assess the scientific production of individual researchers in the Social Sciences (Lindsey 1976 (Lindsey , 1978 . Glanzel and Moed (2002) pointed to the lack of interpretability in Lindsey's approach as one reason why this indicator has found no application. However, in spite of the fact that his papers were not widely cited, it must be noted that Lindsey's indicator was shown to be useful to make the h-index sensitive to hypercited articles (Tahira et al., 2014) , and to improve cluster analysis of citation history (Luzar et al., 1992) . In 2010, Prathap revisited the Linsey's indicator defined as CQ = (C 3 /N) 1/2 . For
Prathap, "every citation is actually a paper that cites the publication and has the same dimensions as the h-index (or N)". "Thus, the total received citations C which sums over N has the dimension of area i.e., h 2 or N 2 ". And since "CQ does not have the dimensionality of h", Prathap brought it back to the dimensionality of h by introducing a transformation leading to the p-index= (C 2 /N) 1/3 (Prathap, 2010) . The weakness of such an approach is that a sum of a sum may not, by and large, lead to the addition of another dimension. As a matter of fact, the number of citations, taken as a sum of a sum of papers, does not behave as a two-dimensional 
Material and Methods
Raw bibliometric data for our analysis were extracted from the InCites platform, provided by Clarivate Analytics Philadelphia, Pennsylvania, USA (2017) . But GRO appears more balanced since it aggregates both the number of publications and the number of citations within the quantitative parameter, thus giving equal importance to both C and N in the computation of the index. As an example, the calculations for the world all fields included (GROw), as well as research field by research field (GROrw), are shown in Table 1 . .GRO.
Results and Discussion
In contrast with countries for which, to our knowledge, no h-indexes were available on the INCITES platform, the study of Institutions provided the opportunity to analyse correlations between the GRO-and h-indexes. By taking into account all of the 4556 Institutions analysed, it is apparent that the GRO-and h-indexes are highly correlated (R 2 =0.980, not shown). If only the 1205 Institutions displaying an h-index higher than 100 were taken into account, the high correlation still holds (R 2 =0.977, not shown). Even focusing on the 129
Institutions with a GRO-index higher than 2000, the correlation is still very significant (R 2 =0.932, Figure 2 ). (iv) Thanks to the "market value of industry production" analogy, the GRO-index can be easily explained and understood. This is a critical point, especially to reach a wider audience of non-specialists, including policy makers. In contrast, it is more complex to explain why the h-index is such a valuable indicator;
(v) As shown in Figure 3 , in comparison with the h-index, the GRO-index appears to be more strongly correlated with other indicators such as Q1, Top-10, and HCP. If we considered the p-index, it appeared that it is even less correlated to these indicators than the h-index. It must be noted that in contrast with the p-, h-and GRO-indexes, Q1, TOP 10% and HCP greatly depend on the amount and quality of the scientific production of other countries/Institutions. 
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Hence, GRO appears as a global and efficient indicator to evaluate Institutions. The names of
Institutions with a GRO-index higher than 3000, are indicated in Table 2 . The name and the GRO-index of the Top-56 countries are shown in Table 3 .
In addition to GRO and RRO, GROr and RROr indexes can be used to highlight specific strengths within a given institution or country by calculating them for a given research field r.
But the sums of the RROr and GROr indexes obtained for all the Research Fields are not equal to RRO and GRO indexes due to the non-linearity in the computation of the indexes.
For example GROworld calculated in the last line of the Table 1 is 0.231.sum(GROrworld). To add up all the GROr field indexes together makes sense, since there is no overlapping among the 22 ESI research fields. The relevant question is whether that sum of the 22 ESI fields constitutes a reasonable approximation for the global GRO-index. To explore the answer to this important question we have collected values from Institutions for which data were available. Institutions were firstly clustered into two groups: 2766 "Academic" institutions (mainly corresponding to universities) and 1475 "Other" institutions. For Academic institutions a strong (R 2 = 0.983) linear relationship between GRO and sum (GROr) was observed, and the slope GROr/sum(GROr) = 0.249. For other institutions, the correlation coefficient is lower: R 2 = 0.938, and the slope is higher (0.289). We further investigated the reasons for these differences. analysed data by considering the sum of the two highest GROr/sum(GROr) ratios of the institutions: the conclusions were the same. Hence it appears that differences in the correlation coefficients and in the slopes of the straight lines GRO = f(sum(GROr)) were observed because Academic institutions are globally less specialised than the "Other" Institutions. In fact, only 5.8% of Academic institutions display a specialisation index, SGr, higher than 0.3 compared to 39.6% for "Other" institutions, while 107 "Other" Institutions (7.3%) display a specialisation index higher than 0. Such an analysis of the correlation between GRO and sum(GROr) was repeated for the sample of 189 countries worldwide. In this case, the correlation reaches 0.999 (Figure 6a ).
The slope of the straight line (0.225) is very close to the GROworld/sum(GROr world) ratio (0.231) calculated from results shown in Table 1 . It is also close to the slope determined for Table 1 ), it can be much more sound to use the RRO-index rather than the GRO-index. To better understand the composition of the GRO index in terms of its Field-constituents, we carried out an exploratory analysis on the set of GROr values for a large number of academic institutions (close to 2000) worldwide. We found six principal components with an eigenvalue larger than one, which makes it difficult to reduce dimensionality and interpret the results at the same time. To gain more insight into the Field distribution we used a mixed approach. We first carried out a hierarchical cluster analysis over the set of 22 scores on the research fields.
We found that the 22 fields can be adequately classified in five clusters, as shown in Table 4 , in which the names of the clusters try to describe the areas inside. Now, because GRO indexes can be aggregated, we computed the scores on the five aggregated sets of research fields according to the cluster compositions. We then analysed the data corresponding to the 56 countries shown in Table 3 and carried a principal component analysis to reduce dimensionality on the new five aggregated variables. We used the covariance matrix since data are commensurable. We found two principal components with eigenvalues in excess of 1.0 that account for more than 70% of the variance of the sample.
The scores of the Top-countries in the two components along with the location of the variables are shown in Figure 7 . Chile, located at the bottom of the lower-left quadrant is an exception. This is due to its strong involvement in Space Sciences: 14% of sum(GROr), in comparison with all other countries (between 0.26% and 7.1%). This can be easily explained by the presence of many high-end astronomical observatories in this country.
We then analysed the relationship between the wealth of countries and their GRO-index. As shows that results for the states of the USA were consistent with the ones shown for countries in Figure 8 . It comes as no surprise that the research output of a country/state is by and large commensurate with its wealth; whether wealth is the scientific progress driver or the other way around is a debate. Wealth and knowledge production appear nowadays so intertwined that it is very difficult to answer the question of which causes which, although the modern endogenous growth theory states that the stock of human capital is an endogenous source of technological change which determines the rate of growth (Romer, 1990) , thus solidly linking the production of knowledge with the wealth of nations.
To summarize, the use of the CQ-like indicator introduced in this paper to assess the relative strength of the performance of countries in the 22 research fields into which INCITES splits the bibliometric data makes it possible to evidence that their research output is greatly related to the geographical-historical-and economic -contexts. Reasonably combining quantitative 
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and qualitative data is arguably a matter of great interest to inform decision-and policymaking within institutions or whole research systems.
